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[57] ABSTRACT 

An wapxowcd. hardfacing for tee& and otha: surfaces of 
milled tooth rock bits includes steel in the range of firom 20 
to 50 percent by weight, and fill^ in the range of from 50 
to 80 percent by weight. The filler includes sphedcal cast 
tungsten carbide particles alone or in a mixture of other 
tungsten carbide particles sudi as crushed cast sphalcal or 
crushed cemented tungsten carbide, macrociystalline tong- 
sten carbide, or the like. The single crystal monotungsten 
tungsten carbide particles have a partide size in the range of 
firom 16 to 40 mesh and/or in the range of from 80 to 200 
mesh. 
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rSIE bit with hardfacing material 

INCORPORATING SPHERICAL CAST 
CARBIDE PARTICLES 



OlOSS-REFERENCE TO RELATED 5 
AFPUCAnONS 

This application claims the benefit of provisional patent 
^pUcations Ser. Nos. 60/014 J31, filed Mar. 12, 1996, and 
60/014,225, fUed Mar, 27, 1996. 

FIELD OF THE INVENTION 

This invention relates to improved fracture- and wear- 
resistant hardfacing compositions applied to wear surfaces 
on teeth on bits for drilling oil wells or the like. 15 

BACKGROUND OF THE INVENTION 

Bits for drilling oil wells and the Hke commonly have a 
steel body which is connected at the bottom of a drHl string. 
Steel cutter cones are mounted on the body for rotation and 20 
engagement with the bottom of a hole being drilled to crush, 
gouge, and scrape rock for drilling the welL One important 
type of rock bit referred to as a milled tooth bit has roughly 
triangular teeth protruding from the surface of tiie cone for 
engaging the rock. The principal faces of such a miUed tooth 25 
that engage the rock are usually dressed with a layer of 
hardfacing material to resist wear. The specific tooth geom- 
^ly forms no part of this invention. 

Conventional hardfadng usually con^rises particles of ^ 
tungsten carbide bonded to the steel teeth by a metal aUoy. 
In effect, the carbide particles are embedded in a matrix of 
metal forming a layer on the surface. Most hardfacing on 
rock bits en^loys steel alloys containing nickel and cobalt 
as the matrix, although odier alloys may also be used. 

It is quite common in referring to the particulate material 
in the hardfacing mardy as "carbide" without characterizing 
it as tungsten carbide. The metal carbide principally used in 
hardfacing is tungsten carbide. Small amounts of tantalum 
carbide and titanium carbide may be present, although ^ 
considered to be deletalous. E will be understood that as 
used herein, reference merely to **carbide" means tungsten 
carbide. 

Three types of tungsten carbide have been employed fcff 
hardfacing. Possibly the most conmion is crushed cast 4^ 
carbide. Hingsten forms two carbides, WC and WjC and 
there can be an essentially contmuous range of coii^)ositions 
therebetween. Cast carbide is typically a eutectic mixture of 
the WC and WjC compounds, and as such is 
substoidiiometric, that is, it has less carbon than the more 
desirable WC form. Cast carbide is solidified from the 
molten state and comminuted to the desired particle size. 

Another type of tungsten carbide is so-called macrocrys- 
talline tungsten carbide. This material is essentially stoichio- 
m^c WC in the form of single crystals. Most of the st 
macrocrystalline tungsten carbide is in the form of single 
crystals but some bicrystals of WC may form in larger 
particles. 

The third type of tungsten carbide used in hardfacing 
comprises cemented tungsten carbide, sometimes referred to 0 
as sintered tungsten carbide. Cemented tungsten carbide 
comprises small particles of tungsten carbide (e.g., 1 to 15 
microns) bonded together with cobalt Cemented tungsten 
carbide is made by mixing tungsten carbide and cobalt 
powders, pressing tiie mixed powders to form a green 6 
compact, and "sintmng** the con^sile at temperatures near 
tiie melting point of cobalt The resulting dense cemented 
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carbide can then be comminuted to fonn particles of 
cemented tungsten carbide for use in hardfadng. 

A typical technique for applying hardfadng to the teeth on 
a rock bit is by oxyacetylene welding. A welding *Vod" or 
stick is formed of a tube of mild steel sheet enclosing a fUla: 
whidi is primarily carbide particles. The filler may also 
iodude deoxidizer for the steel, flux, and a resin binder to 
retain the particles in the tube during welding. The hardfac- 
ing is implied by melting the rod on die face of the tooth. The 
steel tube melts to weld to the steel tooth and provides the 
matrix for the carbide particles in the hardfadng. The 
deoxidizer alloys with the mild steel of the tube. 

Although mild steel sheet is used when f (Mining the tubes, 
the steel in the hardfadng as applied to a rock bit is a hard, 
wear resistant, alloy steel. This occurs by the dissolution of 
tungsten, carbon, and possibly cobalt, into the alloy steel 
from the tungsten carbide during wdding. Thcit may also be 
some mixing with the alloy steel from the tedh on the cone. 

It is important to provide as mudi wear resistance as 
possible on the te^ of a rock bit cutter cone. Ihe effective 
life of the cone is enhanced as wear and fracture resistance 
of the hardfadng is increased. It is deshable to keep tiie teeth 
protruding as far as possible from the body of the cone since 
the rate of penetration of the bit into the rock formation is 
enhanced by longa: teeth (howeva:* unlimited length is 
inf easible since teeth may break if too long for a given rock 
f onnation). As wear occurs on the tee&, tiiey get shorter and 
the drill bit may be replaced when the rate of penetration 
decreases to an unacceptable level. It is desirable to mini- 
mize wear so that the footage drilled by eadi bit is maxi- 
mized. This not only decreases direct cost, but also decreases 
the frequency of having to **round trip*' a drill string to 
replace a worn bit with a new one. 

U.S. Pat. No, 4,944,774 discloses a hardfadi^ material 
for use with the teeth of rode bits that comprises a mixture 
of crushed cemented tungsten carbide having a particle size 
in the range of from 20-30 mesh, and macrocrystalline 
tungsten carbide having a partide size in the range of from 
40-^0 mesh. Sudi a hardfadng xmtmal is known to provide 
a good degree of wear resistance and abrasion protection of 
the inner teeth, and somewhat in^iroved wear resistance of 
the gage surfaces of the cone and gage row of teefli. 

Advances in wear resistance of hardfadng on the teeth 
- and gage surfaces of the cone are desirable to increase the 
duration during which a hole diameter can be maintained, to 
enhance the footage a drill bit can drill before becoming 
dull, and to enhance the rate of penetration of such driE bits. 
Such improvements translate directly into reduction of drill- 
) ing expense. 

BRIEF SUMMARY OF THE INVENTION 

There is, therefore, provided in practice of this invention 
_ according to a presently preferred embodiment, a hardfadng 

material for both an inner row of rock bit teeth, and gage 

surfaces of a rock bit cone and gage row of rock bit teeth. 

The hardfadng material includes spherical cast carbide 

particles alone or in a mixture including other carbide 
^ particles sudi as sfdierical or crushed cemented carbide, 

macrocrystalline carbide, carburized carbide, ot the like. 

The carbide particles are in a matrix of alloy steel welded to 

the steel of the teeth of the cutter cone. 

BRIEF DESCRimON OF THE DRAWINGS 

5 

These and othor features and advantages of the present 
invention will be appredated as (he same becomes better 
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understood by reference to the following detailed descrip- 
tion when considered in connection with the accompanying 
drawings wherein: 

FIG. 1 is a perspective view of a milled tooth rock bit 
constructed according to principles of this invention; and 

FIG. 2 is a fragmentary cross section of an excmplaiy 
tooth on such a rock bit 

DETAILED DESCRIPTION 

An exemplary milled tooth rock bit comprises a stout steel 
body 10 having a threaded pin 11 at one end for connection 
to a conventional drill string. At the opposite end of the body 
there are three cutter cones 12 for drilling rock for forming 
an oil well or the like. Each of the cutter cones is rotatably 
mounted on a pin (hidden) extending diagonally inwardly on 
one of the three legs 13 extending downwardly from tiie 
body of ttic rock bit As the rock bit is rotated by the drill 
string to which it is attached, the cutter cones effectively roU 
on the bottom of the hole being drilled. The cones are shaped 
and mounted so that as they roll, teeth 14 on the cones ^ 
gouge, chip, crush, ateade^ and/or erode the rock at the 
bottom of the hole. The teeth 14G in the row around the hed 
of the cone are refeaxed to as the gage row teeth. They 
engage the bottom of the hole being drilled near its perimeter 
on "gage.** Fluid nozzles 15 direct drilling mud into the hole ^ 
to carry away tiie particles of rock created by the drilling. 

Sudi a rock bit is conventional and mordy typical of 
various arrangements that may be employed in a rock bit 
For example, most rock bits are of the three cone variety ^ 
illustrated. Howev«*, one, two and four cone bits are also 
known. The arrangement of teeth on the cones is just one of 
many possible variations. In fact, it is typical that the teeth 
on the three cones on a rock bit differ from each o^er so fcat 
different portions of the bottom of the hole are engaged by 
the three cutter cones so that coilectivdy the entire bottom 
of the hole is drilled. A broad variety of tooth and cone 
geomdrics are known and do not form a specific part of this 
invention. 

Exen^lary teeth on such a cone are generally triangular in ^ 
a cross-section taken in a radial plane of the cone. Sudi a 
tooth has a leading flank 16 and trailing flank 17 meeting in 
an elongated crest 18. The flanks of the tee& are covered 
with a hardfadng layer 19. Sometimes only the leading face 
of each tooth is covered with a hardfadng layer so that 45 
differential erosion between die wear-resistant hardfadng on 
the front flank of a tooth and the less wear-resistant steel on 
the trailing face of the tooth tends to keep the crest of the 
tooth relatively sharp for enhanced penetration of the rock 
being drilled. ^ 

The leading face of the tooth is the face that tends to bear 
against the undrilled rock as the rock bit is rotated in the 
hole. Because of the various cone angles of teeth on a cutter 
cone relative to the angle of the pin on which the cone is 
mounted, the leading flank on the teeth in one row on the 55 
same cone may face in the dkection of rotation of the bit, 
whereas the leading flank on teeth in another row may on the 
same cone face away from the direction of rotation of the bit 
In other cases, particularly near the axis of the bit, neither 
flank can be uniformly regarded as the leading flank and 60 
both flanks may be provided wi& a hardfadng. 

Th^e are also times when the ends of a tooth, that is, the 
portions facing in more or less an axial direction on the cone, 
are also p-ovided with a layer of hardfadng. This is par- 
ticulariy true on the so-called gage surface of the bit which 65 
is virtually always provided with a hardfadng. The gage 
surface is a generally conical surface at the heel of a cone 
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which engages tiie side wall of a hole as the bit is used. The 
gage surface includes the outer end of teeth 14G in the 
so-called gage row of teeth nearest the heel of the cone and 
may include additional area nearer the axis of the cone than 
the root between the teeth. The gage surface is not consid- 
ered to include the leading and trailing flanks of the gage 
row teeth. The gage surface encounters the side wall of the 
hole in a complex scraping motion which induces wear of 
the gage surface. In some embodiments, hardfadng may 
also be applied on the shirttail 20 at the bottom of each leg 
on the bit body. 

Such structure of a milled tooth rock bit is well known and 
does not form a specific portion of this invention, which 
relates to the specific hardfadng material employed on tfie 
teeth of a milled tooth aitter cone. 

Thus, in practice of this invention, the hardfadi^ material 
con^rises sphaical cast carbide particles alone or in a 
mixture of otha: carbide particles sudi as spherical or 
crushed cemented carbide, single crystal monotungsten 
carbide, carburized carbide, or the like. The carbide particles 
are in a matrix of alloy steel wdded to the alloy steel of the 
teeth of the cutta: cone. 

Cast tungsten carbide has approximately the eutectic 
composition between bitungsten carbide, WjC, and mono- 
tui^sten carbide, WC. The cast carbide is typically made by 
resistance heating tungsten in contact with carbon in a 
graphite crucible having a hole Ihrou^ which tiie resultant 
eutectic mixture drips. The liquid is quenched in a bath of oil 
and is subsequently coimninuted to a desired particle size. 
Tlie crushed eutectic is what is known as cast carbide. 

As used herein, cemented tungsten carbide refers to a 
material formed by mixing partides of tungsten carbide and 
particles of cobalt or other iron group metal, and sintering 
the mixture. In a typical process for making cemented 
tungsten carbide, small tungsten carbide partides, e.g., 1-15 
microns, and cobalt particles are vigorously mixed with a 
small amount of <a:ganic wax which serves as a temporary 
binder. An organic solvent may be used to promote uniform 
mixing. The mixture may be pr^ared for sintering by either 
of two techniques: it noay be pressed into solid bodies often 
referred to as green compacts; altemativdy, it may be 
formed into granules or pellets such as by pressing through 
a screen, or tumbling and then screened to obtain more or 
less uniform pellet size. 

Such green compacts or pdlets are then heated in a 
vacuum furnace for first evaporating flie wax and tiien to a 
temperature near the melting point of cobalt (or ttie like) 
whidi causes the tungsten carbide particles to be bonded 
together by tiie metallic phase. After sintering, the compacts 
are crushed and screened to a desired particle size. The 
crushed cemented carbide is generally much more angular 
than the pellets which tend to be rounded The sintered 
pellets tend to bond together during sintering and are 
crushed to break them apart These are also screened to 
obtain a desired particle size. Cemented mngsten carbide 
from such corrects may be made specifically for use in 
hardfadng, may be manufacturing scrap from making other 
products,^©! may be scrap from worn out tungsten carbide 
products crushed and screened for this purpose. 

Yet another type of tungsten carbide is so-caEed macro- 
crystalline carbide. Hiis material is essentially stoichiomet- 
ric WC in the form of single crystals. Most of the macroc- 
rystalline tungsten carbide is in the form of single crystals 
but some bicrystals of WC may form in largo: particles. 

The shape of the carbide partides has been found to affect 
their toughness. Both cemented carbide and cast carbide 
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may be fomed into spherical paitides. Spherical particles of 
fliesc carbides have been found to be tougher than crushed 
particles of cemented, cast, or macrocrystalline carbide. 
Such spherical particles lack the sharp edges found in 
crushed particles, which act as stress concentrators and are 5 
likely microcrack initiation sites. 

Spherical cast carbide particles have been found to be 
veiy tough and hard, testing up to 3000 Hardness Mckers. 
Processes for producing spherical cast carbide particles are 
described in U.S. Pat. Nos. 4 ,723,996 and 5,089482, which it 
are herein incorporated by ref^ence. Basically, a mixture of 
tungsten and carbon is heated above its melting point into a 
constantly flowing stream which is poured onto a rotating 
cooling surface, typically a water-cooled casting cone, pipe, 
OT concave turntable. The molten stream is rq)idly cooled on i 
the rotating surface and forms spherical particles of aitccdc 
tungsten carbide. 

Hardfadng is applied to the teeth and gage surface by 
welding with a *Vod** in the fma of a mild steel tube 
containing either the particles of cemented tungsten carbide, ^ 
single crystal WC, or cast carbide to be applied as a 
hardfadng. However, it is to be understood within the scope 
of this invention that metiiods other than that specifically 
described can be used to ^ply the hardfadng material of 
this invention. 2 

Carbide particles are often measured in a range of mesh 
sizes, for example 40 to 80 mesL Hie term **mesh** actual 
refers to the size of the wire mesh used to saeen the carbide 
particles. Fot example, "40 mesh" indicates a wire mesh 
screen with forty holes per linear inch, where the holes are 
defined by the crisscrossing strands of wire in the mesh. The 
hole size is determined by the numba: of meshes per inch 
and the wire size. The mesh sizes referred to herein are 
standard U.S, mesh sizes. A standard 40 mesh screen has ^ 
holes sudi that only partides having a dimension less than ^ 
420 pm can pass. Itoicles having a size larger tiian 420 fmi 
are retained on a 40 mesh screen and particles smaller than 
420 |mi pass through ttit screen, Thorefore, the range of 
sizes of the carbide particles in a filler is defined by the 
largest and smallest grade of mesh used to screen the 
particles. An exen5>lary filler comprising carbide partides in 
the range of fix>m 16 to 40 mesh will only contain partides 
larger than 420 pm and smalls* tiian 1190 \mu whereas 
another filler comprising particles in ttic range of from 40 to 
80 mesh will only contain particles larger than 180 fim and 
smaller tiian 420 pm. Hence, there is no overlap in terms of 
particle size between these two ranges. 

In addition to the carbide in tiie filler in the tube, it is 
desirable to include up to five percent by weight of deoxi- 
dizer and a temporary resin binder. A suitable deoxidizer is 
silicomanganese obtained firom Chemalloy in Pennsylvania 
The nominal composition of the silicomanganese is 65% to 
68% manganese, 15% to 18% silicon, a maYimiim of 2% 
carbon, a maximum of 0.05% sulfur, a maximum of 035% 
phosphOTUs, and a balance of iron. Preferably about four 
percent deoxidizer is used. A smaU amount of thennoset 
resin is desirable for partially holding the particles together 
in the tube so that they do not simply fall out during welding. 
A half percent by weight of resin is adequate. 

Hie proportion of fiUo- to the wd^t of the steel tube 
within which it is enclosed in an exemplary embodiment is 
50% to 80% fiUo- and 20% to 50% tube, A presendy 
preferred proportion is in tiie range of 65% to 75% fillea* and 
25% to 35% tube. These propcHtions can vary by plus or 
minus 2%, In order to obtain a weight ratio of filler to steel 
of 70:30, a %2 inch (4 mm) diameter tube is made witii steel 




having a wall thickness of 0.017 inch (0.43 mm). Roughly 
the same proportions are obtained in a Vie inch (4.5 mm) 
diameter steel tube by making it with a wall 0.02 inch (0.5 
mm) thick. 

According to a presently preferred embodiment the tung- 
sten carbide portion of the filler comprises spherical cast 
tungsten carbide in the range of from 10 to 100 percent by 
weight, with tfie remainder consisting of the oth^ types of 

-) tungsten carbide particles described above. The spherical 
tungsten carbide particles are in the prefored size ranges of 
between 16 to 40 mesh and/or between 80 to 200 mesh, 
however 100 to 200 mesh is preferred in this finer particle 
size range. For example, a typical fiUer composition can be 

5 made up using 30 kg of 16 to 30 mesh spherical cast tungsten 
carbide, 40 ^ of 16 to 30 mesh crushed cemented tungsten 
carbide, 25 kg of 40 to 80 mesh macrootystailine carbide, 4 
kg of siHco-manganese deoxidizer, and 0.5 kg of i^enolic 
resin binder. The particles are coated with the resin sus- 

^ pended in an alcohol solution which is then dried. Aft^ the 
tubes are loaded witfi the filler and the ends crimped, tiie 
ends are dipped in a solution of phenolic resin in alcohol to 
add some binder at the ends. The binder is tiien heat cured 

g to temporarily bind the particles together. 

It has been found that &e metal matrix may be strength- 
ened by unifcHinly dispersing ultra-fine carbide particles in 
the steel matrix wi&out sacrificing toughness. The ultra-fine 
particles may be a carbide, such as dironjium, vanadixmi or 

^ niobium carbide, or a boride such as chromium boride. As 
used herein, the term **ultra-fine" is defined with respect to 
the particle size of distinct caibide particles incorporated in 
the metal matrix as practiced in the prior art, as (^>posed to 

^ carbide particles incorporated in larger carbide particles, 
such as in cemented tungsten carbide particles as described 
above. The hypotfiesized mechanism for this strengthening 
is dispersion strengthening of the steel matrix. As a result, 
the wear resistance of tiie steel matrix is increased and &e 

^ overall chq)ping resistance is markedly improved. The ultra- 
fine carbide particles to be dispersed is the steel matrix 
according to alternate preferred embodiments of the present 
invention may be either macrocrystalline tungsten carbide 
particles, which are crushed and may then be milled for very 

^ fine sizes, e.g., below 10 fun, or the ultra-fine particles may 
be formed by a process in which vary small tungsten 
particles, e.g., 1-50 ^m, are carburized to produce a type of 
tungsten carbide powder generally referred to as carburized 
carbide. The sh^ of the ultra-fine carbide particles may be 

^ angular or spherical as spherical cast tungsten carbide par- 
ticles in this preferred size range may also be used for the 
ultra-fine particles. In a presently preferred embodiment, the 
ultra-fine particles are included in the hardfacing as a 
carburized carbide powder containing tungsten carbide par- 
tides in the range of from about 15 to 50 \mL A suitable 
powder containing ultra-fine carbide particles is available 
from H.C. Stark as MAS-3000 powder. The ultra-fine car- 
bide particles may be introduced directly into the matrix by 
mixing them with the other carbide particles in the tube rod 

^ to be welded. Alternatively, the ultra-fine particles may be 
uniformly distributed in the matrix by sufficiently overheat- 
ing the tube rod during welding to induce dispersion of the 
ultra-fine particles which comprise the cemented carbide 
particles, causing them to migrate through the matrix by 

^ convection. 



Presently preferred alternate ratios are provided in the 
following table: 
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Spherical 


Ultra- 






Spherical 


Cast 


fine 


Wt% 




Cemented Carbide 


Carbide 


Carbide 


of tiie 


Exam- 




<wt%) 


(wt %) 


filled-in 


ple 


2^35 mesh 48-200 mesh 


100-200 mesh 


30 urn 


tube rod 


1 


70 — 


20 


10 


64 


2 


— 35 


45 


20 


64 


3 


40 — 


50 


10 


70 



The weight perceut of the fiiled-in tube rod in the above 
chsat may indude up to 4% fluxing ageat and deoxidizer. 

The hardfadng material is applied to the faces of a tooth 
by heating the face to a welding tempaature by an oxy- 
ac^lenc or atomic hydrogen tordi. When a suitable tem- 
perature is reached, ie above-described tubular welding 
*Yod" is mdted onto tiie face of the tooth. In an exemplary 
embodiment, the thickness of the hardfacing layer is about 
Vi6 to ^32 inch (L6 to 2.4 mm) Dissolution of the silico- ^ 
manganese in the mild steel of the tube, possible dissolution 
of some of the tungsten, caibon, and cobalt of the caibides, 
and mixing of metal from the body of the cirtter cone results 
in an alloy steel matrix for the carbide particles. Microscopic 
examination after flie cutter cone is carburized, quendied, ^ 
and tempered indicates a Martensitic phase transfonnation 
in the alloy steel matrix of the hardfacing. 

During drilling, miaocracks frequently initiate in the 
region of the weld joint, in particular at sharp comers which 
are high stress regions. The welding sequence is a critical ^ 
parameter for reducing the formation of microcracks in the 
hardfacing. The critical surfaces, i,e., tiiose surfaces which 
experience high com^xrcssive stresses during drilling, should 
be hard faced first, followed by less critical surfaces. 
Pimhermore, the edge of the weld joint of hardfacing should 
be formed at a low stress r^on to reduce micxocracldng. 
Accordingly, the pref eatred welding sequence of a drilling 
tooth is the following: crest and leading flank; trailing flank; 
and side faces of the tooth. In addition, the weld deposits on 
a given surface of the tooth should be roUed over the corner ^ 
to the adjacent surface by at least Vs inch (3 mm) so that the 
weld joint is located in the low stress region rather than a 
sharp edge. 

Jt is hypothesized that Gie presence of eta phase and oxide 
particles in the matrix formed as a by-product of the welding 
process reduces tiie toughness of the matrix. Eta phase and 
oxide particles form in tiie steel matrix during welding due 
to the presence of excessive oxygen in the torch flame. The 
eta phase particles, e.g., WsFcgC and WjCojC, are the result 
of carbon depletion of the tungsten carbide as it reacts with 
the metals in the matrix. Oxide particles form when the 
metal alloy in tiie tube rod reacts with the carbide particles 
and the oxygen in tiie oxyacetylene torch flame <x from the 
air surrcHinding the flame. The eta phase and oxides are 
brittle com{X)unds. Thus a matrix containing a large portion 
of eta phase and oxide particles tends to be brittle and more 
prone to fracture. It has been found that the formation of eta 
phase and oxide particles in the sted matrix can be mini- 
mized by controlling the welding parameters when ^plying 
the hardfacing. ^ 

An oxyacetylene torch flame has inner, intermediate and 
outer flame cones. Combustion of acetylene occurs in two 
stages. The first stage: 

2C2H2+2O2-MCCN-2H2 

uses the oxygen and acetylene supplied from the cylinder. 
The oxygen-acetylene mixture is achieved and controlled in 
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the torch, Fhis reaction can t>c s^ea as the smaii innsr cone 
of the flame. The highest temperature is at the point of this 
cone. The second stage: 

4CCM-2H2+3O2-MCO2+2H2O 

uses oxygen supplied from the air suirounding the flame. 
This combustion zone constitutes the outer blue envelope of 
the flame. Intermediate between the inner and outer cones 
there is a non-luminous intermediate cone. When the 
acetylene/oxygen ratio is about 1 to 1 and there is neither 
excess oxygen nor acetylene at the tip of the inner cone, the 
intermediate cone of the flame is regarded as neutral, Le. 
neither oxidizing nor carburizing. A short pale green 
**feather** at the tip of the inner cone is an indxcatica of an 
excess of acetylene. When the feather is less than about half 
the length of the inner cone, the fiamc is regarded as 
reducing. A longer intermediate flame is considered carbur- 
izing, 

A neutral flame showing only three cones without a 
feather or only a very short feather less than about '/s the 
length of the inner cone is preferred for welding faardfadng 
on the teeth of a rock bit cutter cone. The oxygen concen- 
tration within the intermediate cone in a neutral flame is 
quite low and oxides should not be formed when the molten 
metal is within the outer cone and outside the inner cone. A 
torch configuration to yield a pointed inner cone is pr^etred 
over a configuration that yields a bulbous cone. 

Previously, when welding the hardfadng material onto a 
rock bit^ the ratio of lengths of the inna* and intermediate 
flame cones is typically maintained at about 3:1, with the 
end of the tube rod maintained in a region between flie tips 
of these two flame cones, most likely near the tip of the inner 
cone since that is the location of the highest tenqjeratures. 
Welders prefer to hold flie tip of the inn^ cone near the 
worlqjiece since welding is faster. A flame ratio of about 3 . 1 
is specified in welding handbooks. 

According to a presently preferred method for welding 
hardfacing onto the teeth of a cutter cone, the inner to 
iatexmediate fiame cone length ratio is maintained at about 
4: 1 and the tube rod is maintained in a preferred region of 
the intermediate flame cone away from the tip of the inna: 
cone between about and 3 times the lengfli of the inner 
cone. Hardfacing is welded onto rock bit cones using various 
torch tip sizes. For example, \^ctor welding tordies, manu- 
factured by the Thermadyne Con^iany, have a number 6 and 
a number 7 size t<ardi tip with orifice diameters of 0.27 cm 
and 032 cm, respectively. TOth a number 7 tip the typical 
length of the inner cone is about 2 to 2.5 centimeta:s. With 
a number 6 or 7 tip, it is preferred to hold the tube rod in the 
range of from about 1 to 4 centimeters from the tip of the 
inner cone- If anything, this region of the flame is neutral or 
slightly carbon-rich and produces carbon-reduction of the 
metal alloy being welded by providing excess carbon for the 
chemical reactions between the metal and cermi^ mataials 
in the hardfacing. By maintaining the tube rod in fliis 
preferred location in a longer than usual flame, eta phase and 
oxide particle formation in the matrix is raioimized. In the 
welding practice according to this embodiment of the 
invention^ the f<Mmation of oxide and eta phase particles is 
insensitive to increases in heat input of flie flame, unlike 
conventional welding practices in which oxide and eta phase 
particle fOTmation inaeases with increases in heat input 
from the flame. In addition, the partide size of the eta phase 
and oxide particles is greafly refined to less than 30 yia. 

The lengtti of the intermediate cone relative to the inner 
cone, and the neutral condition of the flame are readily 
adjusted by varying the pressure ot flow rate of the oxygen 
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and acetylene to the torch. This can be accomplished h 
fressure regulators at the tanks and/or adjustment of thty 
valves on the torch. 

A preferred region for the welding rod in a torch flame 
having 3:1 ratio of cone lengths is between about one and 5 
two cm from inner flame cone tq); however it is difficult to 
maintain the tube rod in this small range during manual 
welding. Hence, this is a less preferred method of hard 
facing. The longer than usual flame with a 4:1 ratio provides 
a much longer zone within whidi the welding rod may be h 
placed for adiieving a low eta phase and oxide concentration 
in the matrix of tiie hardfacing. 

The ^ phase and oxide content in the matdx may be 
determined by polishing a cross-section of a tooth with 
hardfacing with incrementally decreasing sizes of diamond i 
particles from 40 pm to 3 jim. The polished surface is then 
etdied with a reagent of 10 g KFe(C3^6, 10 g KOH and 100 
ml wato: followed by an alcohol rinse. The eta phase and 
oxide content may be determined using a PGI Imagist image 
analyzer at lOOx magnification. 2 

The proportion of carbide in the hardfacing is determined 
largely by the proportion in the welding **rod" used for 
applying the hardfacing. Some dilution may occur by alloy 
steel from the surface of the tooth on the cutter cone. This 
dilution is not a large contributor since in a typical appli- 2 
cation of hardf adng to a milled tooth cutter cone for a rock 
bit, the thickness of hardfacing is in the order 2 mm. The 
amount of dilution depends to some extent on the technique 
eiiQ)loyed by the welder applying the hardfacing. 

The carbide content in the hardfacing can be estimated by : 
metallograjMc examination of a cross section through the 
hardfacing. The approximate areas of the carbide and binda: 
phases can be determined. From this, the volume percent- 
ages of binder and carbide can be estimated, and in turn ttie 
weigjit percentages. Since use of deoxidizer in the filler of : 
a welding tube is important for ^oducing void free binder 
phase, the dilution of the carbide filler can be taken into 
account and the ratio of filler wei^t to tube we^t approxi- 
mated. A hypothetical tube type welding rod can be pro- 
jected from a hardfacing deposited on the surface by other » 
techniques. 

Thus, for consistency in this specification, the proportion 
of carbide to alloy steel in the hardfacing is considered on 
the basis of carbide content in the stick used to melt the 
hardfacing onto the surface. As pointed out above, the filler 
of carbide, binda- and deoxidizer is 50% to 80% by weight 
(plus or minus 2%) of ttio stick and the mild steel tube is 
20% to 50% by weight (plus or minus 2%). The filler is 
about 96% carbide (plus or minus 2%), with a balance of 
deoxidizer and binder. 

The improved hardfacing miaterial is applied to the gage 
surfaces of the cone and gage row teeth in the same manner 
previously described for applying the hardfacing mixture to 
the inner row teeth. 

Abrasion tests show that the improved hardfacing mate- 
rials of this invention exhibit improved wear and fracture 
resistance over hardfacing materials containing similar pro- 
portions of carbide particles but which do not include 
spherical cast carbide particles. For example, in a hardfacing 
comprising a carbide con^nent with 70 percent by weight 
of 16 to 30 mesh crushed cemented carbide and 30 percent 
by weight of 40 to 80 mesh macrocrystalline carbide, it has 
been found that by substituting 40 percent by weight of the 
(rushed cemented carbide particles with spherical cast car- 
bide particles in the same size range, loss of hardfacing 
material due to sliding abrasion wear, chipping, and carbide 
particle fracture were significantly reduced. It is hypoth- 




csized that this improved performance is due to the advan- 
t^es of both the material and geometry of tiie spherical cast 
tungsten carbide particles over the crushed cemented tung- 
sten carbide particles they replace. Cast carbide is inherently 
; harder than cemented carbide and hence is m<H*e resistant to 
abrasion wear. Also, it is believed that the spherical particles 
are less likely to fracture during actual field use than the 
crushed particles because although cast tungsten carbide is 
not inherently tougher than cemented tungsten carbide, the 
Q spherical particles lack the sharp edges of the crushed 
particles which act as stress concentrators and hence are 
more prone to fracture and breakage. 

The imfHTOvement in performance of the hardfacing trans- 
lates directly into increased footage of well drilled and 
5 increased rate of penetration, both of which translate directly 
into low^ed costs for the driller. 

Other modifications and variations of hardfacing for a 
rock bit will be apparent to one skilled in the art. It is, 
therefore, to be understood that within the scope of the 
Q appended claims, this invention may be practiced otherwise 
than as spediicaUy descrfl)ed. 

What is claimed is: 
"^1. A rock bit con^)rising: 
a body; 

t5 at least one cutting cone rotatably mounted to an end of 
the body, wherein the cone includes a gage surface at 
a heel portion of the cone; 
a number of teeth on the cone, the teeth including a 
plurality of inner row teeth and a plurality of gage row 
K) teeth located near a heel of each cone, wherein the teeth 
include a hardfacing comprising: 
steel in the range of from 20 to 50 percent by weight; 
and 

fillo: in the range of from 50 to 80 percent by weight, 
55 tiie filler comprising in the range of from 10 to 100 

percent by weigjit spherical cast tungsten carbide 
particles having a particle size between about 16 to 
40 mesh. 

2. The rock bit of daim 1 conprising filler in tiie range of 
40 from 60 to 75 percent by weight 

3. The rock bit of claim 1 wherein the filler comprises in 
the range of from 20 to 50 percent by we^t spherical cast 
tungsten carbide particles. 

4. The rock bit of claim 1 wherein the filler comprises in 
45 the range of from 40 to 100 percent by weight spherical cast 

tungsten carbide particles. 

5. The rock bit of claim 1 wherein the filler comprises in 
the range of from 10 to 99 percent by weight spherical cast 
tungsten carbide particles having a particle size between 

50 about 16 to 40 mesh, and further comprises tungsten carbide 
particles selected from the group consisting of spherical 
cemented, crushed cemented, crushed cast, crushed 
macroaystalline, and carburized. 

6. The rock bit of claim 5 wherein the filler further 
55 comprises spherical cast tungsten carbide particles having a 

particle size between about 80 to 200 mesh. 

7. The rock bit of claim 6 wherein the filler comprises 
spherical cast tungsten carbide particles having a particle 
size between about 100 to 200 mesh. 

60 8. The rock bit of claim 5 wherein the filler further 
comprises macrocrystalline tungsten carbide particles hav- 
ing a particle size between about 40 to 80 mesh. 

9. A rock bit as recited in claim 1 wherein the hardfacing 
conq)rises in the range of from 10 to 90 percent by weight 

65 spherical cast tungsten carbide particles having a particle 
size between about 16 to 40 mesh, and further comprises 
ultra-fine tungsten carbide particles in the range of from 10 
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to 35 p«*cent by weight of the filler material, the particles 
having a particle size in the range of from about 1 to 50 
microns. 

10. A rock bit as recited in claim 9 wherein the ultra-fine 
tungsten carbide particles are selected from the group con- 
sisting of carijurized^ macrocrystalline, and spherical cast 

11. A rock bit as recited in claim 9 wherein the steel in the 
hardfacing is dispersion strengthened by the ultra-fine tung- 
sten carbide particles. 

Jll, A rock bit comprising: 
a body; 

at least one cutting cone rotatably mounted to an end of 
the body, wherein the cone includes a gage surface at 
a heel portion of the cone; 

a number of teeth on the cone, the teeth including a 
plurality of inner row teeth and a plurality of gage row 
teeth located near a heel of each cone, wherein the teeth 
include a hardfacing comprising: 
steel in the range of from 20 to 50 percent by we^t; 
filler in the range of from 50 to 80 parcent by weight, 
the filler con^rising in the range of from 10 to 100 
percent by weight spherical cast tungsten carbide 
particles having a particle size between about 80 to 
200 mesh. 

13. The rock bit of claim 12 comprising filler in the rai^e 
of from 60 to 75 percent by weight 

14. The rock bit of claim 12 wherein tiie filler comprises 
in the range of from 20 to 50 parcent by wdgfit spherical cast 
mngsten carbide particles. 

15. The rock bit of claim 12 wherein tiie filler comprises 
in the range of from 40 to 100 percent by weight spherical 
cast tungsten carbide particles. 

16. The rock bit of claim 12 wherein tiie filler comprises 
spherical cast tungsten carbide partides having a particle 
size between about 100 to 200 mesh. 

17. The rock bit of claim 12 wherein the filler comprises 
in the range of from 10 to 99 p^cent by wei^t spherical cast 
tungsten carbide particles having a partide size between 
about SO to 200 mesh, and ftrrther con^prises sfrfierical cast 
tungsten carbide partides having a particle size between 
about 16 to 40 mesh. 

18. The rock bit of claim 12 wherein the filler comprises 
in the range of from 10 to 99 percent by wei^t sj^erical cast 
tungsten carbide partides having a partide size between 
about 80 to 200 mesh, and further comprises tungsten 
carbide particles selected from the group including spherical 
cemented, crushed cemented, crushed cast, and crushed 
macrocrystalline. 

19. The rock bit of claim 18 wharein the fiJlar further 
comprises macrocrystalline tungsten carbide particles hav- 
ing a particle size between about 40 to 80 mesh. 
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20. A rock bit as recited in claim 12 wherein the hard- 
facing comprises in the range of from 10 to 90 percent by 
weight spherical cast tungsten carbide particles having a 
particle size between about 80 to 200 mesh, and further 
^ comprises ultra-fine tungsten carbide particles in the range 
of from 10 to 35 percent by weight of the filler material, the 
particles having a particle size in the range of from about 1 
to 50 microns. 

10 21. A rock bit as redted in claim 20 wha:ein the ultra-fine 
tuE^sten carbide particles are selected from the group con- 
sisting of carburized, macrocrystalline, and spherical cast 
22. A rock bit as recited in claim 20 wha:ein the steel in 
the hardfadng is dispersion strengthened by the ultra-fine 
15 timgsten carbide particles. 
^23. A rock bit con^Mising; 
a body; 

at least one cutting cone rotatably mounted to an end of 
the body, wherein the cone includes a gage surface at 
a hed portion of the cone; 

a number of teeth on the cone, the teeth including a 
plurality of inner row teeth and a plurality of gage row 
teeth located near a heel of each cone, wherein the teeth 
25 include a hardfadng conq)rising: 

steel in the range of from 20 to 50 percent by weight; 

filler in die range of from 50 to 80 percent by wei^t, the 
filler comprising in the range of from 10 to 100 percent 
by weight spherical cast mngsten carbide particles 
having a particle size between about 16 to 40 mesh and 
between about 80 to 200 mesh. 

24. A rock bit as redted in claim 23 who-ein die hard- 
fadng comprises in the range of from 10 to 90 percent by 

35 weight spherical cast tungsten carbide particles having a 
particle size between about 16 and 40 mesh and between 
about .80 to 200 mesh, and fur&ea* comprises ultra-fine 
tungsten carbide particles in the range of from 10 to 40 
percent by we^ht of the fill^ mataial, the particles having 

40 a particle size in the range of from about 1 to 50 microns. 

25. A rock bit as redted in claim 24 wherein the ultra-fine 
tungsten carbide particles are selected from the group con- 
sisting of carburized, macrocrystalline, and sphaical cast 

26. A rock bit as recited in claim 24 wha:ein the steel in 
the hardfadng is dispersion strengthened by the ultra-fine 
tungsten carbide partides. 

27. The rock bit of claim 23 wherein the filler comprises 
-spherical cast tungsten carbide particles having a particle 
size between about 100 to 200 mesh. 



* * * * * 




28^ A rock bit comprising: 
a body: 

at least one cutting cone rotatably 
mounted to an end of the body, wherein the 
cone includes a gage surface at a heel portion 
of the cone: and 

a number of teeth on the cone, the 
teeth including a plurality of inner row teeth 
and a plurality of gage row teeth located near 
a heel of each cone, wherein the teeth include 
a hardfacing comprising. 

steel and 

filler in the range of from 50 
to 80 percent by weight, the filler 
comprising in the range of from 10 to 
100 percent by weight spherical cast 
tungsten carbide particles having a 
particle size less than 40 mesh. 

29. A rock bit as recited in claim 
28 comprising steel in the range of 20 to SO 
percent by weight. 

30. A rock bit as recited in claim 
28 wherein the cast tungsten carbide particles 
have a particle size between about 16 to less 
than 40 mesh. 

31. A rock bit as recited in claim 
28 further comprising spherical tungsten 
carbide particles having a particle size 
between greater than 80 to 200 mesh. 




* A rock bit comprising: 

a body; 

at least one cutting cone rotatablv 
mounted to an end of the body, wherein the 
cone includes a gage surface at a heel portion 
of the cone: and 

a number of teeth on the cone, the 
teeth including a plurality of inner row teeth 
and a plurality of gage row teeth located near 
a heel of each cone, wherein the teeth include 
a hardfacing comprising. 

steel and 

filler in the range of from 50 
to 80 percent by weight, the filler 
comprising in the range of from 10 to 
100 percent by weight spherical cast 
tungsten carbide particles haying a 
particle size greater than 80 mesh. 

33. A rock bit as recited in claim 
32 comprising steel in the range of 20 to 50 
percent by weight. 

34. A rock bit as recited in claim 
32 wherein the cast tungsten carbide particles 
have a particle size between greater than 80 to 
200 mesh. 



35. A rock bit as recited in claim 
32 further comprising spherical tungsten 
carbide particles having a particle size 
between 16 to less than 40 mesh. 



/se. A rock bit comprising: 
a body; 

at least one cutting cone rotatably 
mounted to an end of the body, wherein the 
cone includes a gage surface at a heel portion 
of the cone: and 

a number of teeth on the cone, the 
teeth including a plurality of in ner row teeth 
and a plurality of gage row teeth located near 
a heel of each cone, wherein the teeth include 
a hardfacing comprising. 

steel, and 

filler in the range of from 50 
to 80 percent by weight, the filler 
comprising in the range of from 10 to 
100 percent bv weight spherical cast 
tungsten carbide particles having a 
particle size between about 16 to 40 
mesh and between about 80 to 200 
mesh. 

37, A rock bit as recited in claim 
36 comprising steel in the range of 20to 50 
percent bv weight, and wherein the spherical 
tungsten carbide particles have a particle size 
between about 16 to less than 40 mesh and 
between greater than 80 to 200 mesh, 

y 38. A rock bit comprising: 
a body: 

at least one cutting cone rotatably 
mounted to an end of the body, wherein the 
cone includes a gage surface at a heel portion 
of the cone: and 

a number of teeth on the cone, the 
teeth including a plurality of inner row teeth 
and a 
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plurality of gage row teeth located near a heel 
of each cone, wherein the teeth include a 
hardfacing comprising, 
steel, and 

filler in the range of from 50 
to 80 percent by weight, the filler 
comprising in the range of from 10 to 
100 percent by weight spherical cast 
tungsten carbide particles having a 
particle size of about 40 mesh. 
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Commissioner: 

As a below named inventor, I hei^ declaK Hast I reside at the address listed below, I am 
a citizen of the United States of America, and I believe I am an ori^nal, first and joint inventor of 
the subject matter described and clu'med in U.S. Patent No. 5,791,422 (the '"422 Petent"), issued 
on August I U 1P9S, for which a reissue patent is sought on the invention entitled ROCK BIT WITH 
HARDFACING MATERIAL INCORPORATING SPHERICAL CAST CARBIDE PARTICLES, 
Hie specification of which is attached hereto. The application for the '422 Patent was filed on March 
12, 1997, as Application Serial No. 08/815,745 (the "'745 AppUcsation"). 

I acknowledge the duty to disclose infonnation loiown to me to be material to the 
examination of this application in accordance with Title 37, Code of Federal Regulations, Section 
1.56(a). 

I believe that the '422 Patent is partially inoperative because none of the claims in the '422 
Pat^t ate directed to a rock bit comprising a cutting cone having a number of teeth which include 
a hardfacing comprising steel and filler which comprises 1 0 to 100 percent by weight spherical cast 
tungsten carbide particles having a particle size less than 40 mesh. The novelty of this aspect of my 
invention was erroneously overlooked, as I did not appreciate the full scope of the invention being 
claimed at the time the '742 Application was filed and during its prosecution. My failure to 
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wcognize the full scope of the invention being claimed was inadvenent as is evidenced by the fact 
that although this novel feaiure was described in the specification of the ' 745 Application, it was not 
broadly claimed. As a result of this failure, I claimed less than I had a rigjtt to claim in the '422 
Patent. This error arose withow any deceptive intention on my part. 

I hereby state that I hava reviewed and understand the content of the above-identified 
application, includi ng the original claims 1 >27 and the added leissue claims 8 which are directed 
to a rock bit comprismg a cutting cone having a number of teeth comprising a hardfacing comprising 
steel and spherical tungsten carbide particles. 

I declare fiirtlier that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, both under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize Ihe validity of fhc reissue application or any patent issuing 
thereon. 





Dah-Ben Liang 
27 Rustic View Court 
The Woodlands, Texas 77381 
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Commissioner: 

As a below named inventor, I hereby declare that I reside at the address listed below, I am 
a dti^n of the United States of America^ and I believe 1 am an original, first and joint inventor of 
the subject manor described and claimed In U>S. Patent No. 5,791,422 (the "'422 Patent"), issued 
on August 11 , 1 for which a reissue patant is sought on the inv^ition entitled ROCK BIT WITH 
HARDFACING MATERIAL INCORPORATING SPHERICAL CAST CARBIDE PARTICLES, 
the specification of which is attached hereto. The application for the '422 Patent was filed on March 
12, 1997, as Application Serial No. 08/815,745 (the "'745 Application"). 

I acknowledge the duty to disclose information known to me to be material to the 
examination of this application in accordance with Title 37, Code of Federal Regulations, Section 
1.36Ca). 

I believe that the '422 Patent is partially inoperative because none of the claims in the '422 
Patent are durected to a rook bit comprising a cutting cone having a number of teeth which include 
a hardfacing comprising steel and filler which comprises lOto 100 percent by weight spherical cast 
tungsten carbide particles liaving a particle size less than 40 mesh. The novelty of this aspect of my 
invention was erroneously overlooked, as I did not appreciate the full scope of the invention being 
claimed at ihc time the '745 Application was filed and during its prosecution. My failure to 
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recognize the foil scope of the invention being claimed was inadvertent as is evidenced by the feet 
that although this novel feature was described in the specification of the '745 Application, it was not 
broadly claimed- As a result of this failure, I claimed less than I had a right to claim in the '422 
Patent This error arose without any deceptive intention on my parL 

I hereby state that I have reviewed and understand the content of the above-identified 
application, including the original claims 1-27 and the added reissue claiins 28-38 which aie directed 
to arock bit comprising a cutting cone having a number of teeth comprising a hardfacing comprising 
steel and spherical tungsten carbide particles. 

I declare further thai all statements made herein of my own knowledge are true and that all 
statements made on information and belief are beUeved to be true; and fiirther that these statements 
were made with the knowledge that willfiil false statements and the like so made are punishable by 
fine or imprisonmeni. both under Section 1001 of Title 1 8 of the United States Code and that such 
willfiil false statements may jeopardize the validity of the reissue applicadon or any patent issuing 
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Assistant Commissioner for Paients 
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Commissioner. 

AS a below named inventor, I hereby declaie that I reside at the address listed below, I am 
a citizen of the United States of America^ and I believe I am an original, first and joint inventor of 

the subject tnaxx^ described and claimed in U.S. Patent No. 5,791,422 (the '"422 Patent"), issued 
on August 1 1 , 199S. for which areissue patent is sou^t on the inventian entitled ROCK BIT WITH 
HARDFACING MATERIAL INCORPORATING SPHERICAL CAST CARBIDE PARTICLES, 
the specification of which is attached hereto. The application forthe '422 Patent was filed on March 
12, 1997, as Application Serial No. 08/815,745 (the "'745 Application"). 

I acknowledge the duly to disclose infonnation known to me to be material to the 
examination of this application in accordance with Title 37, Code of Federal Regulations, Section 
l.S6(a). 

I believe that the '422 Patent is partially inoperaUve because none of the claims in the *422 
Patent ai-e directed to a rock bit comprising a cutting cone having a number of teeth which include 
ahardfacing comprising steel and filler which comprises 10 to 100 percent by weight spherical cast 
tungsten carbide particles having a particle size less th^ 40 mesh. The novelty of this aspect of my 
invention was erroneously overlooked, as I did not appreciate the fiJl scope of the invention being 
claimed at the time the '745 Application was filed and during its prosecution. My failure to 
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recognize the full scope of the inventiott being claimed was inadvertent as is evidenced by ihe feet 
that although this novel feature was described m the specification of the *745 Application^ it was not 
broadly claimed. As a result of this failure, I claimed less than 1 had a right to claim in the '422 
Patent. Tliis error arose v^thout any deceptive intention on my pan, 

I hereby state tliat I have reviewed and undersiand the content of the above-identified 
application, including the original claims 1 '27 and the added reissue claims 28-3 8 which ore dir©<?tcd 
to a rock bit comprising a cutting cone having a number of teeth comprising a hardfacing comprising 
steel and spherical tungsten carbide particles. 

I declare further that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fme or imprisonment, both under Section 1001 of Title 1 8 of the United States Code and that such 
willful false statements may jeopardize the validity of the reissue application or any patent issuing 
thereon. 





Zhigang Feng \ 
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DECLARATION FOR REISSUE PATENT APPLICATION 



Assistant Commissioner for Patents 

Washington, D.C. 2023 1 



Post Office Box 7068 
Pasadena, OA 91109-7068 



Coimnissioncr: 

As a below named inventor, I hereby declaie that I reside ai Hxe address listed below, I am 
a citizen of the United States of America, and I believe I am an original, first and joint inventor of 
the subject matter described and claimed in U.S. Patent No. 5,791,422 (the "'422 Patent"), issued 
onAugust 11, 1998,for which a reissue patient is sought on the invention entitled ROCKBITWITH 
HARDFACING MATERIAL INCORPORATING SPHERICAL CAST CARBIDE PARTICLES, 
the specification of which is attached hereto. The application for the '422 Patent was filed on March 
12. 1997. as Application Serial No. 08/815,745 (the "*745 Application")- 

I acknowledge the duty to disclose information known to me to be material to the 
examination of this application in accordance with Title 37» Code of Federal Regulations, Section 
1.56Ca). 

I believe ihat the ^422 Patent is partially inoperative because none of the claims in the '422 
Patent are directed to a rock bit comprising a cutting cone having a number of teeth which include 
a hardfacing comprising steel and filler -wdiich comprises 1 0 to 1 GO p^cent by wdght spherical cast 
tungsten carbide particles having a particle size less than 40 mesL The novelty of this aspect of my 
invMition was erroneously overlooked, as I did not appreciate the full scope of the invention being 
claimed ai the dine the '745 Application was filed azid during its prosecution. My failure to 



-I- 



02/6T*d 



S3DIAa3S iN31bd IIS Wd0E:T0 00, 60 SObl 



y. ZUUU n:lbAM 




1-m M9/19 F-$35 



Doc]citXo.3fi912/CN(/S61 

TBcoenize the &1I scope of die jnveotioa beiqg cklmed was inad Virtsnt as is evidenced hytb&ttct 
lliat although this novel fi»iareiva$desalbedkth0£peci^^ '745 Applicnioa, liwas noi 
tooadiy claimedL As a result of ^ &fliir$, I claimed less than I had a right lo claim i& the '422 
Pacenc This enrer aittse wlihouc uy dec^tive tnieniioA on my pan. 

I hBKiby sfXktfi ihac T have iBviewGd and understand the eontem of the ebovendentified 
application^ including ibe original diim l-27aiid added reisottd oUiois 26-3 S which are dueeced 
IB a rfick bit eamprismg a cuning cone having a Axmber efteads cotnprissxig a hatd&iebe eomprisiqg 
£teel and spherical ungsiea carbide ^articles. 

I decLaie funber ibai att sist»Qems made hsam of my ovoi kaoi^edge are true and that aJl 
staiementsmade mi uifimnation aod belief are believed to be true; and fiudier that these s ratfttnratfs 
v/ae made with the ktioiyledge that wlUfiil &lse statements and die Ulce so made ate punuibable by 
tDH oc iznpcisanineiit, both under Seaion 1001 ofUde 18 of the Uidted Sutes Code and that sueb 
will&l &l8e staiements may jeepaidisie the validity of the reiasue a;{i1icaticHi or any patent issuing 




iJHi§« Albert Sue 
22 South Dragonwpod Place 
The Woodlands* Texas 773S1 
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